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(57) Abstract: An clcctrostntic chuck for insulating substrate attraction, comprising a dielectric ^ibstratc (la) acting on one surface 
iherwf as ao attraction surface of an insulating substrate and prnvided on the other surface with a plurality of electrodes (7) m order 
to electrostatic-attnicting m insulating :>ub>tralc such as a glass substrate, in insulating support base (lb) for fixing the dielectric 
subslwtc, a plurality of conducting terminals provided on the insulating support base, and a means far dcctrically connecting llie 
electrodes with the conducting terminals, wherein a resistivity at room temperature of the dictectric substrate is up lo 10" ^?cni, a 
thickness of die dielectric subslraLo up to 2 mm, a i^ndlh of an electrode up to 4 mm, and an interval between electrodes up to 2 mm. 
A heutiiig/cooUng pi ale (6), a gas :» apply piping forixtpplying gas to a gap between the Insulating substrate and the artrACtion surface^ 
and a temperature control syslcni for control Uog the temperature of the insulating substrate are added to the above clectrfwtatic chuck 
for insu tiling substrate atuactiou to constitute on iniiulallng substrate treating device 



wo 00/72376 Al lililllilllJiillliHIMiliiilHIIil 



SE, SG, SI, SK. SL. TJ, TM. TR, TT, TZ, UA, UG, US. UZ, 
VH, YU. ZA. ZW. 

(84) ^§3^11 (iKm,): ARIPO (OR OM. KJ5. LS. MW. 
SiZ, SD, SL. S2, TZ, UG. ZW). rL-7 vT (AM. 
AZ, BY» KG, KZ, MD, RU. TJ, TM), 3 - a v 
(AT, BE, CH, CY, Da DK. ES, FJ. FR, C5B, OR. IR. IT, 
LU, MC, NL. FT. SE). OAPI (BF, BJ, CF, CO. CI. 
CM. OA. GN, G\\\ ML, MR, NE, SN, TD, TG). 



(57) gi^: 

m^i:2mmSkr. <0 ^ 4. m m&. T . <^ M i: 2 m m U 



WO 00/72376 PCT/JP01V03355 



5 

*^q^(iPDP (:7'^X^7^-< W-) Miggr^, DVD (v'i^^ ;U b'x:t 
10 {;:SOS ( f> U n >::f -7 r -r T) ^SOI (-> 'J a >:t>'Y >>':3. U-i^^) 

15 DVD-^pDP pmmmm'iz:$6i^T^t. ^mmi^f}'^t}'5rxmm-c^Dm^\,mm 

25 5 - 6 3 0 6 2 li^5^$nTtr^-i>7!?^^^J^ac<l:^ i: 



WO 00/72376 PCr/JP00/0335S 

2 

DVD> PDF. A- l*-7V;^^'fflOaiS±t'SOS. S O I ±lC}J5sE$n-£> 

jg-?<D r D -t 7. (c fist t f ^ffl 7' p -t 7- cm&'^mfjimii 5 tir v > 

5 

a#:T*^3fi^^*:«-S»fiiU.^»5$ffi<^?SI/i:S-rS]'^§l§-^-ii-t)n2> Gradient 
(i/^ 'JX.> ht)) S-^±-r-5>. Gradient ^itt F oc « -gradE = (FttGradieni' 

25 



wo 00/72376 PCT/JPOO/03355 

3 

5 «) «cft±T S X ^ «$ST * t to 7s ttSSea-g, RD^^iStt^fgcD 

113tt. i»S-3^V y tc<fc 0 jie^i±St6i€r©«FL;fcSiJlliK^CDl»f®iaT^-5, 



WO00/7J376 PCT/jrt)0/03355 

4 

tiTJS^iiSIR 1 0 $it5*^5^v-;/^' 1 «lg-&Sr> 1 1 ^ilUT^S 

n 4 ~ s 6 tt m 83 SI ig ^ij c <^ a $ n ^ IS CO - « rs $ n s ^ s 7 

<7)/^5'->0-«aiT«5.. mM7 SriSSccO^tC-r^CitCJcO. SOS-^SO I 
X y N CO 7' 7 X V :/ a -t X I z ^ t » T ffl 5 ti «. R /iil & ^ SI ^ S A 0 ^ S {c ^j- Si: 

« 1 0 tfiii^^^-Vy^ 1 CDH(7)|KigilA^fTi:3tia. 
15 :^*;^di;|geagjfifi^lC?i'XIE*H- 1 6 *i|S®^njEE;'jtC J;^) T<t-^^GESr O ~ 

1 0 v©iffiETai:']-r^. 

m/£tlS3cM^ l;t©L/\'JUr<DF^Ra€:iTCi C t XOEZ* ^t^^^i:lrgiS5i- 
■5 d t ;5f-e€ .s. 

20 WTS 1 {w^m<*©ifftt*^Afci:si7)tJ?gP^^:^;=&iajj£{^fcj±^^:^5^-f o 



WO 00^1376 PCT/JfP00/0335S 

6 . 

DC^iE<£ 3-1 0Kvepi5iLfc. iz^^mi^^m:^ff!if)^ ^ti^isaTim 

^f^W&^t)A^mLX<^^^Z i:iZtJi^. J:-^Tt1-ffiHg3 0 0 g/ 5 cm'''T^3 
0 0 e/c m'o§l?sr3!iKt::tB^-r-5. rcoMH$*;3 OKP aizm'^l^m^^ 

fcil62J 1 Ofi^ti^T^giti 1mm. ^i^RgR^ 1 mm. tSm^^J^S 0. Smini 
10 b /i. 

IF, 1 GfiJfeilSttatRO^ffiffl* *g£r^/tt#<^S^?g®LS=;^)T*S, 1 B t 
15 JtgJ^S<i:*®ffiSliR a 0. 2 5 w mt^T7!i^MS U^vc irt^tJTi^ofe. *»JS 
<f«7:^EfflLt*ftlll:ttffi^(7>^ffi«l${±l P co^SSfaT .Jl- = :^SSt R a 0. 

« Sr DQ ^ 4^ !lsf S t> ^ S U ^ j^f ® « 7i< ft e n . 

m(7yi&m&:Mnx$>-D x^^m.'^mx^^c t n. tti§^^<7?:>j ^ 

^f*: (3 1' :^ # i^t S b . 
^ 6 « ® ^ n S ;i t *o -p fc . iS fP <o tt |g m ^ :^ -5 < 



wo 00/72376 PCT/JPOO/03355 

7 

Pi., jtft^y >^^SD L/c-fe^ s y {7 7.m^my.!^rhi^^\Scmr^z tt^^R 



15 



20 



25 



WO 00/72376 

8 



2] 



NO 








m 












^ m 










(cud) 


(did) 


(g/5ciB0 












lOKY 


7 


X 


300 


0.3 


0.3 


i^n 


8 


o 


300 


0. 5 


0.5 


Wen, 


9 


o 


300 


0.7 


0. 7 


>300 


10 


o 


300 


1.0 


1.0 


>300 


1 1 


o 


300 


I. 0 


2. 0 


180 


12 


X 


30O 


3. 0 


3, 0 


30 


13 


O 


300 


0. 5 


1 . 0 


>300 


1 4 




300 


0- 5 


1 . 5 


200 


1 c 




300 


2, 0 


1 . 0 


2 50 


1 ft 






d M 


1 n 


t C\j 


1 7 




ouu 




1 n 


?n 


1 8 


X 




ft 9 


V. o 




1 Q 






V. u 


U. -J 


✓ ouu 


7n 

£U 


r\ 


inn 


n 7 


ft 7 




2 1 




uu 




1 0 




22 




400 


2. 0 


2, 0 


1 20 


23 


X 


400 


3. 0 


3. 0 


30 


24 


o 


400 


0. 5 


1. 0 


>300 


25 


o 


400 


D, 5 


1. 5 


ZOO 


26 


o 


400 


2. 0 


1. 0 


200 


27 


o 


400 


4. 0 


1.0 


100 


28 


X 


400 


6. 0 


1.0 


20 


29 


X 


500 


0. 3 


0. 3 




30 


o 


500 


0. 5 


0.5 




31 


o 


500 


0. 7 


0.7 


>200 


32 


o 


BOO 


1.0 


1,0 


280 


33 


o 


500 


'1,0 


2.0 


100 


34 


X 


500 


3.0 


3.0 


20 


35 


O 


500 


0.5 


I-O 


>300 


36 


O 


SOO 


0. 5 


1.5 


200 


37 


o 


500 


2.0 


1.0 


155 


38 


o 


500 


4.0 


l.O 


45 


39 


X 


500 


6.0 


1.0 


25 


40 


X 


700 


0.3 


0.3 


nm 


4t 


o 


700 


0.5 


0.5 


240 


42 


o 


700 


0.7 


0.7 


240 


43 


c 


700 


I. 0 


1.0 


220 


44 


o 


700 


2.0 


2,0 


90 


45 


X 


700 • 


3.0 


3.0 


20 


46 


o 


700 


0.5 


1.0 


260 


47 


o 


700 


0, 5 


1. 5 


150 


4S 


o 


700 


2.0 


1.0 


140 


49 


o 


700 


4,0 


1.0 


50 


50 


X 


700 


6. 0 


1 1.0 


20 



PCT/JPOO/03355 



NO 


















m 










(u lit) 


(moi) 


(flllQ) 


(g/Scm-) 












IDKV 


51 


X 


1000 


0.3 


0.3 




52 


o 


lOOO 


0. 5 


0.5 


200 


53 


o 


1000 


0.7 


0.7 


200 


54 


C) 


1000 


1.0 


1.0 


180 


55 


o 


tooo 


2. 0 


2. 0 


70 


55 


X 


lOOO 


3. D 


3. 0 


20 


57 


Q 


1000 


0. 5 


I. 0 


220 


56 




1000 


0. & 


1 . 5 


1 ?fl 


59 




1000 


2- 0 


1 n 


1 9fl 
J Cv 


DU 




1 UU u 




1 0 


olr 


61 


X 


1000 


6. 0 


1 . 0 


1 0 


62 


X 


2000 


0.3 


0.3 




63 


O 


2000 


0.5 


0.8 


170 


64 


o 


2000 


0.7 


0.7 


130 


65 


o 


2000 


1.0 


1.0 


100 


66 


o 


2O00 


2.0 


2.0 


10 


67 


X 


2000 


3.0 


3.0 


10 


68 


o 


2000 


0.5 


1-0 


120 


69 


o 


2000 


0.5 


1.5 


30 


70 


o 


2000 


2.0 


1.0 


70 


71 


o 


2000 


4.0 


1.0 


30 


72 


X 


2000 


6.0 


1.0 


!0 



WO 00/72376 PCT/JPOO/03355 

m S ff§ IS6 75 ^ 2 m m J: 0 :^ I ^ i§ ^ « 1 5 1 ^ <h* I|i ^ © « t) f# b n 

. S i: m fS ^ ^3 / J ^ ^ < :^<i ^ {ffl t c ^ ^ o 

16 Ornm. mi^r^mti^O, S-lmmJWT, ^lUlJtiO. 5 mm-- 4 mm, 

!iO. Smm'-l. 0 mm, mMf^^^^ 0 . 5 - 1 mmi^T, ^grtitiO. 5 m 

A^rzt^^om^^^. mmz±i^:^7.(Df£'/3. ^m'^zmm^&mi ocosffifig 



-;(/vT "CM 0 



WO 00/72376 PCT/JPOO/03355 

10 

5 {jri|^tf±ia;yxJC:f3V>T 0- 1 3 3 2 9Pa (0 - 1 0 OTorr) ^-C^l^i^m^t 

10 ^m^m^:ziL{z^^xmo'\^mfH<DEE.t!f)^i^-izu^^T<D^m^i^m 

tl5 0 /I mi^±T-5e!l^^#-r^o U<^irt3 1 . 5nimJ^±, 2 5 0 urn 
IJ.±T$>D Z.(Dm^mr^^<DJ£ti^^f>^^-\Zt^^^'C 5i!i^'i}lT tr^^. m<D/i^ 
- > { i ^ It <h . R ^ ^ ^ i± ^ C <h I c J: 0 M t c :^ An T -5 ^ 

*^Sg^JiC<tO. ;^'XifAa5 9{3 6 6 6 4 Pa (5 OTorr) <!i U S t.:^ 

25 ^^iDi^^-Dtti^^. -c<Dft^\Z\t^^l^^m±!^'^^'r^^%'^^vCry)^S^mXh^c 
m^ii. mmmmitm^ 2 O %i^LT l 3 S SPa { l Olorr) (DiJXJEtt^mA 



wo 00/72376 PCT/JP0(W>3355 

11 

tLTT)l^i-^±jiSt^tl.. SSfki'aA (C r jO^) , mit^^> (T i O,) 

1 A~ 1 CtmC< I 0 K VEPnJTJtj 3 0 0 g/ 5 cm' 0 Sta:*-|6]£0§l3I 0 3$ 
5 3 0 0 g/cm'tli^^Fns. j^<54®l5 tt^*^ 2 0%X-$,oXh6 Og/cm'iiC 

± A^Si^T- ^ + ^J- tC ® ®T € -5 . 

|gBa©»«^A-yi7{i, •S55^^ttffi1S43j;UC7-< JPA-iJicjlfflT^S. 

Xi-' ai $ n S t ^ 46 SS^ L t fiS i Jt S C i IC J; 0 fet® ©SS 
$|J 19 *^ i§ B tC ^£ . ^ «e!gfcttS« S: jfilS jH«ta T e ^ ti-T- i6 ^nttil 

^ © M a le idt $ ti •x - - 7, 1 c a t3 ^ s <73 ?a a ^ - ^ <c « aa 

* * is ^iJ -C Ca ^ L- ^ tl 2§ « JO 5» ^ 231 g S iC: 5=- r > A I C si iS T •5 d 
<h(cj:o. sos-^sor «i7i/^(7>•7'7Xv c VD. ■f'^x-?xy^>if^xn 

20 S^iCDfiJffluIflgtt 

B ^ ffl i> ia JSi^l* Slfi CD jbn ^A. i^aj ^ t /^c «9 S Bfr?E ©ig.]^ t <1P| 

25 



• ''"4>^ti?? ., A ■;l■,•■^T 



WO 00/72370 PCT/JPOO/03355 

12 



1. -::t7CDii^*^^fci^^fcs«s:®ig•r 5®iriSi: L, hv--^<omiz^wi.<D^m 

2 . iWia«^«(*:aiSc73ffita^W^iif 1 0 ' = Q c mKATT^ C i: S:<t$'(t i 

20 ^■«coit.®coiti(4 4mmi;AT-Ca&ti. ^SMcOpgfw 2 mm^TT* 0 . &/?«)^ 
■r ti 1 « ICIS St <D fit ? r/ J' . 

8. fitri2«3ftt3£jf SMw^^wii, mtz'onmi^&Wio)^tn<r>w.tn^<i:.'o±-€K-^ 



- -:l" vT -:CtlC 



WO 00/72376 PCT/JP00/033SS 

13 

15 K65im«5Sf«iS:^i*. 

14. ig*co«GE^l 1 0 3S<7^t,i-rnAM3Sa®WI5?^?Y-y5'i:. ^fil- 



WO 00/72376 PCT/JP00/D3355 

14 

10 tlfiHZtiU<D9!Lm^&. 



wo 00/72376 



PCT/JP00/a33SS 




wo 00/72376 



PCT/JP00A)3355 




wo 00/72376 



PCT/JPOO/03355 




wo 00/72376 



PCT/JPOa'03355 



4/5 



tOOO 2000 3000 4000 5000 6000 7000 



11:1 



INTERNATIONAL SEARCH REPORT 



Tatemational application No. 

PCT/JPOO/03355 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl" H01L21/68, B23Q3/15, H02N3/15 



According to Intemationat Patent Classification {IPC) or to both national classiiicatton and IPC 



a. FIELDS SEARCHED 



Mmimufn documcntatton searched (classifi cation system followed by clas$tf}catton symbols) 
Int. CI' H01L21/6S, B2303/15, H02K3/15 



[>ocumcntation searched other than mioimum documentation to the extent thai such documents are Inchided in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994 -200 0 

KoKai Jitsuyo Shinaa ftoho 1971-2000 Jitsuyo Shinan ToroKu Kbho 1996-2000 



blcctronic data base consulted during the intematioiial search (aame of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



r.ategoty* 


Citation of documcni. with indication* where appropriate, of the relevant passages 


Rele\*ant to claim No. 


Y 


JP, 11-100271, A IKyocera Corporation) , 
13 April, 1999 (13,04.99), 

Claims; Par. Nos. [0001] to C00021 , [0031] to (00321 , 10043] 
to [0 044 J Fig. 1 (Family: none) 


1-lS 


Y 


JP, 10-242256, A (Kyocera Corporation) , 
11 September, 1998 (11.09.98), 

Par. Nos, (0001) to (0002] , [00141 to 100161, 10024J to 
[0025] ; Figs. 1, 2 (Family: none) 


1*1S 


Y 


JP, 11-8291, A (Hitachi, Ltd.), 

12 January, 1999 (12.01.99). 

Par. Nos. (00141 to [0019] (Family: none) 


3-10, 
14-16 


Y 


JP, 5-211228, A (Toto Ltd.). 
20 August, 1993 (20.08.93), 
Claims 

& XV7, 236709, A 


4-10rl4-16 


Y 


EP, 790641, A (Movellus Systems, Inc.), 
20 August, 1999 (20.08.99), 

page 7, lines 9-23; page 9, lines 14 CO page 10, line 18; 


5-10, 
14-16 



1^ Further documents are listed in the continuation of Box C. Sec patent family annex. 



♦ Special categories ofclted docunMnts: T later document published after die intcinatiooal filing date or 

'^Al" document dcHning the gcncnl state of the ait which is rot pnoiity dale and not in conflict with the iq^plication but cited to 

considered to be of pan tctjl ar rekv^nce imdersland iht principle or theory imdalyiflg the invoilion 

"E" earlier docwnem but puhltshed on or after rfw intemaiionai filing "X* document of particular relevance; the claiowl invention comrot be 

date considered novel or cannut be cooitdered CO involve an Inventive 

*t.* doctiniciii which may throw doubts on priority clntm(«) or which ts step when the docuracat is latcn alone 

cited to establish the publication date of another citation or other "Y* document of particular relevance; d»c ciaimed idventinn cannot be 

special reason (as specified) coosidered to mtol ve aii ioventiva step when the doctitncnl is 

"O" documera referring to an oril disdosute. use. cxhibhion or other combined with one or more other snch docrnncms. such 

moms combitut ion being obvious to a person ski lied tn the in 



document publ ishcd priur to the intcmaiioiuit HI ing date but later document member of the saxrtc patent fannly 
than the priority date claimed 



Date of tlK actual completion of the intcnmnonal search 
21 August, 2000 (21.08.00) 


Date of nulling of the intcmaiional search report 
29 August, 2000 (29.08.00) 


Name and iriajling address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Amhorized officer 
Telephone No, 



Fonn PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



latemationat appUcatton Ko. 

PCT/JPOO/03355 



C (Candnuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Cttacion of document, vvitb indication, Mthw appropHate, of Che rele^'OQt passages 



Reievani to claira No. 



Figs. 10, 11^ 15 

& OS, 5810933, A 

& TW, 300312, A 

& SOs 69168, A 



to 19 
& KR, 



9-232415, A 
97063549, A 



JP, 10-223742, A (Kyocera Corporation), 
21 August, 1998 (21.08.98), 

Claims; Par. Nos. [0001], (00203 to (0029]; Fig. 2 
(Pattiily : none) 

EP, 803904, A (APPLIED MATERIALS , INC . I , 
29 October, 1997 (29,10.97), 

page 3, lines 29-49; page 6, lines 35-3 9; page 6, lines 
55-56; page 7, lines 3-21; Figs. 1, 3 to S, 7 
& US, 5761023, A fc JP, 10-41378. A 



JP, 9-17770, A (Sony Corporation) , 

17 January, 1997 (17.01.97), 

Par. U03. (002B1 to [0029]; Fig. 1 



6-10, 
14-16 



13,16 



14^16 



(Family: none) 



Form PCT/ISA/2I0 (contimiation of second sheet) (July 1992) 



HEKtaSS®^ PCT/JPOO/03 3 53 



Int.Cl' H01L21/68. B23Q3/15, H02N3/X5 



Int. CI' H01L21/68, B23Q3/15. H02N3/15 



B::^mMm^^^n 1926-199 6^ 

0*SIS»^»r3e4^a 1994-200 0¥ 
e^i^)&r^^4i^ 1996-2000^ 



J P. 11-1 00 2 7 1, A (^-^y^^^m , 13. 4^. 

I 9 9 9 (1 3. 0 4. 9 9) , ^W^m^comm, Ife^ [0 0 0 

I I - [ 0 0 O 2 I , mm [00311 - [00321 , I 0 
0 4 31 - [00441 , ^11^ (■7r^y~?feU 

J P, 1 0-2 4 2 2 5 6, A (M-fe^tt^^it) ,11.9^. 
1998 (11. 09. 9 8), ^^[0001] - [000 
2] . (00141 - [0016K g:^[0024l - [0 

0 2 51. |gl0, ^211 (yr^^J-^JiL) 



1-16 



1-16 



21. 08. 00 



^^m^f^iT ( I s A/j p) 

SStseS 1 0 0- 8 9 1 5 



3 s 



9 14 7 



^^^-^ 03-3581-1 101 f^-H 3 3 9 1 



fi^^PCT/r SA/2 10 (^2-i— >') (l99S¥7i^) 



®e5^til0»^ PCT/J PO 0/03 3 5 5 



c m^) 



JP. 1 1-8 2 9 1, A m^^^n^miPWD . 12. 1^. 
1999 (12. 01. 9 9). I0014J - [0019] 

J P. 5-2 1 1 2 2 8. A (Umm^^^fi) . 20. 8^. 
1 9 9 3 (2 0. 0 8. 9 3) . #fflt5^^«fiB&TW» 23 6 7 

0 9, A 

EP, 790641. A (Novellas Systems, i 
nc), 20. 8^. 1997 (20. 08. 9 9),^7M» 

9ff-i^H^2 3^f. ^9Hmi 4tT-^i osmi 8^T, mio 

0, ^111^, mi 5@-mi 9^&US, 5 8 1 0 9 3 3, A& 
J P. 9-23241 5. A&TW» 3 0 0 3 1 2, A&KR, 9 
706 3 5 49» A&SG. 6 9 1 68. A 

J P. 10-22374 2. A (^.±ym^^m , 2 1. 8^. 

1 9 9 8 (2 1, 0 8. 9 8). 1#ff|?l*(7>ffiia, ( 0 0 0 

11 , [0 0 2 0] - [0 0 2 9] , m2m (7r ^ y-jfc 

U) 

EP, 803904, A (APPLIED MATER I AL S» 
INC.). 29. 10^, 1997 (29. 10. 97). ^3 

^3^1-^5^, ^7^&US. 5 7 6 1 02 3, A&JP, 
10-4 1378. A 

J P, 9- 1 77 70, A (yn— ^^^th) , 1 7. l>g. 1 9 
97 (17. 01. 97). mm [0028] - l0029j , ^ 



3-1 0, 
14-16 



4-10. 
14-16 



5-10. 
14-16 



6-1 0, 
14-16 



13.16 



14,16 



<3J^PCT/I SA/2 I 0 <^2^-i^<0^^) (1 9 9 8¥7vg) 



-1- 



ELECTROSTATIC CHUCK AND PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION ^ 

1. FIELD OF THE INVENTION 

The present invention lelates to a processing apparatus of an insulative substrate 
s for use in a PDP (plasma display) manufacturing apparatus, a master writer manu&cturing 
apparatus for a DVD (digital video (or versatile) disc), a substrate processing apparatus for 
a tiard disc manufacturing apparatus, a reticle fixing apparatus in an EB (electron beam) 
exposure apparatus, and a CVD, etching or sputtering apparatus for manufacturing 
elements to be formed on SOS (silicon on sapphire) and SOI (silicon on insulator) wafers, 

10 2. DESCRIPTION QF PRIOR ART 

Ln the manufacturing apparatuses for such as a DVD, a PDP or the like, a matenal 
to be processed is a glass substrate which shows electrically insulative chaxacteristic. 
Therefore, in the conventional art, since it is impossible to electrostatically attract these 
substrates within a vacuum, they are flatly placed on a stage in the manulbctaiing apparatus 
1 5 thereof or they are 6xed with a mechanical mechanism, 

A reticle of the EB exposure apparatus is comprised of quartz whidi also shows 
electrically insulative characteristic, Hierefbre, conventionaUy, the reticle is fixed under a 
vacuum with a mechanical mechanism. 

SOS wafers and SOI wafers, attracting attention as next-generation alternatives to 
20 silicon wafers, show electrically iDSulativc characteristic with regards to the surfece by 
which they arc mounted on a stage. Therefore, conventionally, it is impossible to apply a 
fixing method using an electrostatic chuck in the manufacturing apparatus for forming 
devices on these wafers. A means and a principle of electrostatically attracting a silicon 
wafer are disclosed, for example, in Japanese Patent Application Laid-Open No. Hei 
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5-63062 (1993), however it is impossible to electrostatically attract an insulative substrate 
in accoTdajice with the principle. 

Also, there was known an apparatus for electrostatically attracting a paper, for 
example, an electrostatic plotter. 

5 As the level and inlegration is advanced in the process for forming devices or the 

like on a substrate for use in a DVD, PDP, or a hard disc, or on an SOS or SOI, the 
temperature control in the process comes to be very important* With regards to the 
conventional process for fonning devices on a silicon wafer, the temperature control is 
conducted in the process using an electrostatic chuck. 

10 However, since the electrostatic chuck of the conventional art can attract only a 

conductor or semiconductor, a material to be processed cannot be electrostatically attracted 
in a case of having an dectrically insulative characteristic Therefore, it is impossible to 
control the temperature in the process with high accuracy. 

Therefore, an electrostatic chuck, with which an insulative substrate can be 
15 electrostatically attracted, and a processing apparatus using such an electrostatic chuck are 
desired. 

For fbdng a reticle in the £B exposure apparatus, there is also desired a method 
using an electrostatic chuck, the stmcture of whidi is simpler than that of a mechanical 
fixation and which has a less problem of generating dust particles, 

20 SUMMARY OF THE INVENTION 

According to the present invention, for solving the problems mentioned above, 
there is provided an electrostatic chuck which can electrostatically attract an insulative 
substrate, such as a glass substrate, under a vacuum atmosphere and a heating/cooling 
apparatus and a temperature controller apparatus for an insulative substrate using such an 
25 electrostatic chuck. 
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In the electrostatic chuck according to the present invention, the distance between 
a plurality of electrodes which are provided on one side of a dielectric constructing the 
electrostatic chuck is made small, and the thickness of the diekclrJc is made thin. A 
potential difference is given bctweca the electrodes so as to form an unuciiform electric 
5 field upon an attracting surface of the dielectric. An insulative material ^to be processed 
being within the ununiform electric field is partially polarized, and generates gradient force 
that is attracted in the direction being strong in the strength of the electric field. The 
gradient force expressed by F cjc a ■ grad wherein F is gradient forcCj a an 
inductive polarization charge, and C an electric field. The present invention utilizes this 
lo effect. 

For obtaining the effect mentioned above, according to the present invention 
described m the present claims 1 to 10, there is provided an electrostatic chuck for 
attracting an insulative substrate, used under a vacuum atmosphere by specifying the shape 
and the properties of a dielectric, and the shapes of electrodes. 

15 According to the present invention described in the present claims 14 and 15, 

there is provided a heating/cooling apparatus, comprising the electrostatic chuck mentioned 
above, a plate in which a flow passage is formed to supply or diffuse heat generated in the 
process or heat to be supplied to an insulative substrate by a medium, and a gas supply 
conduit for supplying a gas which is enclosed within a space defined between the insulative 

20 substrate and the attracting surface of a dielectric for adjusting heat transmission 
therebetween, wherein the pressure of the enclosed gas can be adtjusted by the temperature 
of the insulative substrate and thereby the temperature can be adjusted to a predetermined 
value. 

According to the present invention described in the present claims 11, 13, 18 and 
25 19, there is provided a processing method for an insulative substrate under a vacuum 
atmosphere, using the electrostatic chuck mentioned above. 

According to the present invention described m the present claims 20 to 23, there 
is provided dn apparatus for electrostatically attracting an insulative substrate under a 
vacuum atmosphere, using the electrostatic chuck mentioned above. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a plane view showing an example of an electrostatic chuck; 

i 

FIG. 2 is a cross-sectional view along with a cutting line A-A in FIG. 1; 

5 FIG. 5 "is a cross-sectional view of another embodiment in which an insulative 

substrate is attracted by an cjcctrostatic chuck; 

FIG. 4 is a view showing an example of a pattern of electrodes provided on a 
dielectric; 

FIG. 5 is a view showing another example of a pattern of electrodes provided on a 
10 dielectric; 

FIG. 6 is a view showing another example of a pattern of electrodes provided on a 
dielectric; 

FIG. 7 is a graph showing the relationship between the heating/cooling gas 
pressure and the temperature of an insulative substrate; 

15 FIG. 8 is a graph showing the relationship between the voltage applied to an 

electrostatic chuck and the temperature of an insulative substrate; and 

FIG, 9 is a graph showing the relationship between the area ratio of a solid-body 
contact portion to an electrostatic chuck and the temperature of an insulative substrate. 



20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENT(S) 

Hereinafter, embodiments according to the present invention will be fully 
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explained with reference to the attached drawings. FIG. 1 is a plane view showing an 
example of an electrostatic chuck according to the present invention and FIG. 2 is a 
cross-sectional view thereof. 

In an embodiment shown in FIG. 2. a dielectric layer la and an insulative support 
5 base plate lb are comprised of the same materia^ and integraLly formed with a 
layer-lamina led struct uie, FIG. 3 is a cross-sectional view showing the condition of 
attracting an insulative substrate 10 by an electrostatic chuck 1. By applying voltage to 
electrodes 7 through conductors 12 for applying voltage, an attracting force is generated 
between the insulative substrate 10 and the electrostatic chuck 1, thereby attracting the 
10 insulative substrate 10 at protiusions 2 and an outer peripheral seal ring 3 (hereinafter, 
collectively referred to as a **salid-body contact portion"). Also, the electrostatic chuck 1 
is connected through a connector portion 11 onto a metal plate 6, and heatin^cooling is 
conducted to the electrostatic chuck 1 by passing a medium through a medium flow 
passage 8 which is provided within the metal plate 6. 

15 HGS. 4 through 6 show various examples of a pattern of the electrodes 7 which 

are formed on one surface of the dielectric. By using the electrodes 7 with a plurality of 
pairs, radio-frequency current which is used in a plasma process for SOS or SOI wafers can 
be dispersed into each of the elecUrodes, thereby enabling to reduce a load for. each of 
electrically conductive terminals or (he like. 

20 Gas is supplied through a gas supply conduit 13 from a gas supply opening 5 and 

enclosed within a gas enclosure portion 9. In order to quickly and uniformly enclose the 
ga5» grooves 4 are formed on the surface of the electrostatic chuck 1, Through the gas 
enclosure portion 9 and the solid*body contact portion, heat transmission is conducted 
between the insulative substrate 10 and the electrostatic chuck 1, 

25 With the provision of a gas pressure gauge 16 in the vicinity of the gas supply 

conduit, signal voltage is outputted in the range of 0 to 10 V by pressure. 

In the gas conduit, a pressure control valve 17 is provided, and opened and closed 
by comparing the signal voltage of the gas pressure gauge 16 with a preset value, thereby 



enabling to adjust the pressure of (he gas to the preset va[ue. 



The measuremeiit resuhs of the eleclrostatically attracting force in a case of 
changing the properties of the dielectric are shown in Table I. 



5 TABLE 1 



No. 


Scope or 
Invention 


Dielectric Mztcfial 


Maleri&t To Be 
Altracied 


IHickness 
Cmoi) 


Rests dkiiy 

or 

Didectnc 
raeni) 


Relative 
DielQclric 
CoastarU Of 
Dielectric 


Suf&ee 
Roo^ness 
Of Dielectric 


Efectiostaiievlly 
Attrvdi&B I^nxe 


lA 


O 


AlKb-OiOr-TiOx 
Ceramic Sintered 
Body 


Low Alkaline Giui, 
Substnto llildtiieu 
0.6 mm, RcttUvc 
DlelectrfcConstaflt j 


500 


10'° 


9 


0.25 


>300 


IB 


o 


AJjOrCriO^-TiOi 
CetiioIc Sinitced 
Bodr 


Io«r AUaUne Gitss, 
Substrate Hidciaess 
Ql6 turn 


500 


10*' 


9 


0.25 


>300 


IC 


o 


AljOrOiOrTOr 
CcRinic Sintered 
Body 


Low Alkaline Cbss, 
Substrate Thtdcocss 
0.6 mm 


500 


10« 


9 


0.25 


>300 


ID 


o 


AJjOj-OiGj-TKJi 
Centnic Sintered 
Body 


Law AlkiUne Gtin, 
Subsime Thickness 
0.6 mm 


500 


10" 


9 


0.25 


>300 


IE 


o 


AtOrOiOj-TiOj 
Cenunic Sintered 
Body 


Low AUceliBc Ohss, 
Substnte Thickness 
0.6 nun 


1000 


10" 


9 


0.25 


>300 


IF 


o 


AlsQyCrjOr'nOs 
Cerunki Sinl«r«d 
Bodv 


Low AlkkHne GJa&s, 
Subsirtio Thickness 
0.6 mm 


500 


10" 


9 


0.4 


250 


IG 


o 


At yV /"WJ^ rwtf\ 

AltQrOtOrTKh 
Ccnmk Sintered 
Bodr 


Low Alkttioo Glass, 
Subtftnle Tbldtnea 
0.6 mm 


500 


10" 


9 


1.0 


50 


IH 


o 


CenmK Sintered 
Body 


Qnutz Glasi, 
Thickness 5 am, 
Retslivo Dielectnc 
Gonstanid 


500 


10" 


9 


0,25 


>300 


11 


o 


AhOrCnOj-TiOa 
Cetunic Stnteicd 
Body 


SspphirOkThickDCM 
OJ [Dim Rebtive 
Dielectfio ConsiAiit 10 


500 


10" 


9 


0.25 


>300 


IJ 


o 


Cemoic Sintered 
Body 


High Dlekcirtc 
SubsSnle (Rstalivc 
DftlecUic CooxlaiU 
120, Thickncs! 
nuD> 


500 


10" 


9 


0.25 


>300 


IK 


o- 


AliCb-CbOa-TiOa 
Ceramic Sioicrcd 
Body 


Higb Dielectric 
Substrate (Retativc 
Dielectric Coiulani 
10,000, ThickAcss 0^ 
mm) 


500 


10" 


9 


0.25 


>300 


IL 


o 


CenTV^c Sintered 
Body 


Polyioiide Rim 
CTbickncs$50;uii) 


500 


10" 


9 


0.25 


100 


IM 


o 


AJiOyOzOj-TiOa 
Ceiamtc Sixteied 
Bodr 


SOf Wafer 


500 


10" 


9 


0,25 


>300 


IN 


o 


AJaO>-CrtO,-"nC>z 
Canmic Siatered 
Body 


SOS Wafer 


500 


10" 


9 


0.25 


>300 


10 


o 


AJt03-CrzOj-"nOx 
Ccrifntg Sioteicd 


Pofyerystal Ahimina 
Siib5tn(e. Thickitcss 


500 


10" 


9 


0.25 


>300 
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iBody 


0.6 mm. Surface 
Rgugboess R« OJ^m. 
ReUlive Oieledzic 
Con^lsnt 10 












IP 


O 


AhOj-CfjOj-TiOj 
Ccninic Sinlered 
Body 


PotyoysUl Ahmuna 
Sttbslnle, TTlickness 
0.6 Dim, Surface 
Roughness Kb 0.4 fim, 
Rehlive Dielectric 
Conslani [0 


500 


10" 


9 


0.25 


>300 


2 


O 


Ccevnic Siotercd 
Body 


Low Alkaline Gbss, 
Substrate Thickness 
0.6 mm 


500 


10^^ 


9 


*0.1 


100 


3 


o 


OtRTnic Sintered 
Bodv 


Low ABntine Class, 
Sutstral« TbickDcss 
0.6 mm 


500 


10" 


120 


0.1 


150 


4 


o 


BaTiQ>. 

Ceiwnic Sintered 
Body 


Low Alkitiae Class, 
Substrate TTiIckness 
0.6 


500 


10^^ 


10,000 


0.2 


100 


5 


o 


Ctnnifc SinlcRd 
Body 


low. Alkaline Otasa, 
SobstTEit TUciaiea 
0.6 mm 


500 


10"- 


20,000 


0.3 


100 


6 


o 


SiC Cenmlc 
Siniercd Bod/ 


Low AUnliAO Glas^ 
SubaCnte Ihtcknes 
0.6 mm 


500 


10" 


120 


0,1 


>300 


7 


o 


Silioan Rubber 


Low Alkali ac Glass, 
Substrate Tbickacss 
0.6 mm 


500 


lO^**' 


3 


0.4 


150 



In the measuremeat of (he elcctrostadcally attracting force, a material to be 
attracted having an area of 5 cm^ was prepared, DC voltage in the range of 3 lo 10 KV was 
applied to the electrostatic diuck. When the material to be attmcted started moving 
5 against the electrostatically attracting force by applying force to the material to be attracted 
in the horizontal direction, the moving force was measured by a ^nng scale. Because the 
maximum load of the spnog scale was 300gy it was impossible to measure force being 
larger than that However, if the coefficient of static friction between the dielectric and 
the material to be attracted is 0.2, the electrostatically attracting force will correspond to 

10 reaction about five (5) times as large as the measured value. Therefore, the 
electrostatically attracting force wilt correspond to the tensile strength of 300g^cm^ in the 
case where the measured value is 300g/5cm^ This value corresponds to about 30 kPa, 
which is enough to attract the material to be attracted within a vacuum chamber. In order 
to make the shape of the dielectric uniform, tt was set to be 1 nmi in the width of the 

15 electrode, 1 mm in the distance between the electrodes, and 0,5 mm in the thickness of the 
dielectric. 

lA through ID and 2 show the electrostatically attracting force in a case of 



varying the resistivity of the dielectric substrate. The resistivity does not have an 
influence to the electrostatic force very much; however, it is preferable that the resistivity 
be less than or equal to lO'"* Qcm, which creates larger electrostatically attracting force. 

IF and IG show the electrostatically attracting force in a case of varying the 

t 

5 surface roughness of the dielectric substrate. Cotnpared to IB, it is preferable that the 
surface roughness be less than or equal to Ra 0.25 ^m. 

The surface roughness of the material to be attracted used in the present 
embodiment is less than or equal to Ra 0.1 fim, except for the substrate of polyciystal 
alumina in IP. 

10 IB and 2 through 6 show the electrostatically attracting force in a case of varying 

the dielectric material. As the properties of the dielectric^ the resistivity rather than the 
relative dielectric constant has a larger relationship to the eiectrostaticaliy attracting force. 
With regards to the dielectric material, the most stable and large attracting force can be 
achieved by using ceiamic sintered body obtained by adding chromium oxide and/or 

15 titanium oxide to alumina, and the material obtained by adding a sinter assisting material 
thereto. 

IB and IH through IN show the electrostatically attracting force in a case of 
varying the kind of the material lo be attracted. Tlie result shows that different insulative 
materials can be electrostatically attracted, and that the larger the relative dielectric 
20 constant of the material to be atlraaed, the larger the force. 

In lO and IP, a substrate of polycrystal alumina is used as a material to be 
attracted, the surface roughness thereof is varied, and then the electrostatically attracting 
force is measured. The result shows that the sufQdent force can be obtained if the surface 
roughness of the material to be attracted is around Ra 0,4 nm Therefore, when the 
25 relative dielectric constant of the material to be attracted becomes large, the surface 
roughness of the material to be attracted can be degraded. 



2 through 7 show the electrostatically attracting force in a case of varying the 



0 



dielectric material. The result shows that the sufficient force can be obtained if a material 
other than ceramic sintered body obtained by adding chromium oxide and'or titanium 
oxide to alumina is used. In a case of glass for a PDP as a material to be attracted, it is 
preferable to use a material of rubber group which is hard to damage the glass is effective 
from the viewpoint of visibility. In the present embodiment, silicon, robber is used; 
however, natural rubber, chloroprcne rubber, butyl robber, nitrile nibter, fluorocarbon 
rubber, or resin such as polyurethane, PTFE, or the like, may be used. In this instance, it 
is preferable that the volume resisUvity thereof be less than or equal to lO" Q cm. 

/ 

Table 2 showrs the relationship between the electrostatically attracting force with 
respect to a glass substrate and the appUed voltage (10 kV) in a case of using ceramic 
sintered body obtained by adding chromium oxide and/or titanium oxide to alumina, and 
varying the pattern of the electrodes in the electrostatic chuck according to the present 
invention. 



TABLE 2 



No. 


So^peOfPttscjil 
tnvcafioa 


lliicluKsso/ 
DictectiicOiml 


WUUbof 
Bcctredes (nm) 


Di3tiacoBetwe«Q 
_ Elecixixka (mnil 


EtodfiKhticaUy AiincUn^ 
Force f^WcrohlOKV 


7 


X 


300 


03 


0.3 


Breakdown 


s 


O 


300 


0.5 


0.5 


Break down 


9 


O 


300 


a? 


0.7 


>300 


10 


O 


300 


1.0 


1.0 


>300 


11 


O 


300 


2.0 


ZO 


180 


12 


X 


300 


3.0 


3.0 


30 


13 


O 


300 


0.5 


1.0 


>300 


14 


o 


300 


0.5 


15 


20O 


15 


o 


300 


ZO 


1.0 


250 


16 


o 


300 


4.0 


1.0 


120 


17 


X 


300 


6.0 


1.0 


30 


18 


X 


400 


0.3 


03 


Break down 


19 


O 


400 


0.5 


0.5 


>300 


20 


o 


400 


0.7 


0.7 


>300 


21 


o 


400 


1.0 


1.0 


>300 


22 


o 


400 


ZO 


2,0 


120 


23 


X 


400 


3.0 


3.0 


30 


24 


o 


400 


0.5 


1,0 


>300 


25 


o 


400 


0.5 


1.5 


200 


26 


o 


400 


2.0 


1.0 


200 1 
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£. f 


u 


400 


4.0 


1.0 


100 


2£ 


V 


400 


6.0 


1.0 


20 




V 


500 


03 


0.3 


Break doNvn 


30 




500 


0.5 


0.5 


Break down 


31 




500 


0.7 


0.7 


>300 


32 


/-\ 


500 


1.0 


1.0 


280 


33 






2.0 


2.0 100 


14 


V 


500 


3.0 


3.0 


^ 20 




u 


500 


0,5 


1.0 


>300 


>o 


o 


500 


03 


13 


200 


37 


o 


500 


2.0 


1.0 


165 


38 


O- 


500 


4.0 


1.0 




39 


X 


500 


6.0 


1.0 




40 


X 


' 700 


0.3 


0.3 




41 


O 


700 


0,5 


03 


240 


42 


o 


700 


0.7 


0.7 


240 


43 


o 


700 


1.0 


1.0 


220 


44 


o 


700 


zo 


2.0 


90 


45 




700 


3,0 


3.0 


20 


46 


o 


700 


0.5 


1.0 


260 


47 


o 


700 


05 


1,5 


150 


48 


o 


700 


2.0 


1.0 


14fl 


49 


o 


700 


4.0 


1.0 


50 


50 


X 


700 


6.0 


1-0 


20 


51 


X 


1,000 


03 


03 


Rreak down 


5J 


O 


1,000 


0.5 


0.5 


200 


53 


o 


1,000 


0.7 


0.7 


200 


^4 


o 


1,000 


1.0 


1.0 


180 


55 


o 


1,000 


2.0 


2.0 


70 


56 


X 


1.000 


3-0 


3.0 


20 


57 


o 


1.000 , 


0.5 


1.0 


220 


58 


o 


1,000 


0,5 


1.5 


120 


59 


o 


1,000 


2.0 


1,0 




oU 


o 


1^ 


4.0 


1.0 


30 


01 


X 


1,000 


6.0 


1.0 


10 


Oz 


X 


2,000 


0.3 


03 


Breakdown 


63 


O 


2,000 


0,5 


0.5 


170 


64 






rt "J 
u. / 


0.7 


130 


65 


o 


2,000 


1.0 


1.0 


100 


66 


o 


2,000 


2.0 


2.0 


10 


67 


X 


2,000 


3.0 


3.0 


10 


68 


O 


2.000 


0.5 


1.0 


120 


69 


O 


2.000 


0.5 


1.5 


30 


70 


o 


2,000 


^0 


1.0 


70 


71 


o 


2,000 


4.0 


1,0 


30 


72 


X 


2,000 


6.0 


1.0 


10 
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In a case of the pattern having the same width of the electrode and the same 
distance between the electrodes, the maximum electrostatically attracting force can be 
obtained when the thickness of the dielectric is 0.3 mm, and there is a tendency that ihe 
thinner the ihicJcness thereof, the larger the clecliostatically attracting force. 

5 If both of the width and the distance are equal to or greater than 0.5 mm, the 

electrostatically attracting is available. However sufficient insulation between the 
electrodes cannot be achieved if the distance between the electrodes is smaller than 0.5 mm. 
As a result of this, there arc cases where the electrostatically attractbg cannot be obtained. 

In a case of comparing the dielectric having the same thickness, the smaller the 
10 width of the electrode, the larger Ac electrostatically attracting force. 

In a case where the distance between the electrodes is larger than 2 mm, the 
electrostatically attracting force can hardly be obtained. In (he present embodiment, the 
voltage applied is raised to 10 kV. It is expected that the sufficient force can be obtained 
even if the distance between the electrodes is 2 mm, by applying voltage being larger than 
13 that. 

In a case of comparing the dielectric having the same thickness and the same 
width of the electrode, there is a tendency that the clectrosUtically attracting force becomes 
small when the distance between the electrodes is larger than the thickness of the dielectric. 

The foregoing show that a large electrostatically attracting force can be obtained in 
20 a case where the thickness of the dielectric is thm, the width of the electrode is small, and 
the distance between the electrodes is almost equal to the width of the electrode. 

In a case of electrostatically attracting a glass substrate as a material to be attracted, 
it can be put to practical use by setting the thickness of the dielectric in the range of 0.3 to 
2.0 mm, the distance between the electrodes in the range of 0.5 to 1,0 mm, the width of the 
25 electrode in the range of 0,5 to 4.0 mm, and the resistivity of the dielectric to be less than 
or equal to 10*^ Qcm. It is more preferable that the thickness of the dielectric be in the 
range of 0.3 to LO nun, the distance between the electrodes in the range of 0.5 to 1.0 mm, 
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thc width of the electrode in the range of 0.5 to 1.0 mm, and the resistivity of the dielectric 
to be less than or equal to lO" Q cm. 

Hereinafter, an embodiment of a substrate heating^cooling apparatus will be 
described. ^ 

FIGS. 7 through 9 are graphs showing data on thermal attraction experiments and 
cooling experiments on an insulaiive substrate. A glass substrate (i,e.» a low alkaline 
glass) is used as the insulative substrate 10. 

FIG. 7 is a graph showing the relationship between the tcn^serature of an 
insulative substrate and the pressure of the gas for heating/cooling to be supplied into a 
space between the insulative substrate and the attracting surface of the dielectric, in which 
the insulaUve substrate is positioned in a substrate heating/cooling apparatus whidi is 
provided within a vacuum chamber. The thermal characteristic in a case where a heat 
flow of 2W/cm^ is supplied from the upper surface of the insulative substrate 10 is shown 
by expressing the pressure of the above-mentioned gas on x-axis and the surface 
temperature of the insulative substrate 10 on y-axis. This graph shows that the 
temperature of the insulative substrate 10 can be controlled by varying the gas pressure 
enclosed in a gas enclosure portion 9. He gas is mainly used in the present experiment; 
however, the same heatingi^cooling effect can be obtained by using Ar or Nz- 

In order to inaease efficiency of the heating/cooling by supplying higher pressure, 
it is necessary to make the height of the protrusions 2 on the attracting surface of the 
dielectric 19 low and thereby bring the pressure of the gas into the region of a molecular 
flow. For example, in order to bring the above-mentioned gas in the range of 0 to 13329 
Pa (0 to 100 Torr) into the region of a molecular flow, the height of the protrusions 2 may 
be set to be less than or equal to 5 lun. In this instance, in order to quickly and uniformly 
enclose the above-mentioned gas, the formation of the grooves 4 is important as well as the 
protrusions 2. 

In a case where only the protrusions arc formed on the surface of the electrostatic 
chuck, it takes time until the pressure within the space comes to be uniform depending 
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upon the height of ihc protrusions, TTierefore, by forming of (he grooves from the gas 
supply opening, the time is reduced until the pressure within the space comes to be uniform. 
With regards to the shape and the pattern of the grooves, the effect can be achieved when 
they arc formed in a radial pattern from the gas supply opening, and they are equal to or 
greater than LO mm in the width and equal to or greater than 50 jun in the depth. 
Preferably, the width is equal to or greater than 1.5 mm and the depth is equal to or greater 
than 250 Mm, and thereby the time until the pressure distribution in the shape comes to be 
uniform is less-.than or equal to 5 seconds. The effect can be further increased if the 
grooves are formed in a concpntric pattern as well as a radlial pattern. 

As shown in nO, 8, by varying the applied voltage, it is possible to vary the 
temperature of the insulative substrate 10. In this instance, by varying the surface 
roughness of the electrostatic chuck, it is possible to adjust the temperature of the 
insulative substrate 10. 

Further, as shown in FIG. 9, the experiment result shows that the temperature of 
15 the insulative substrate 10 is varied by varying the ratio of a contact area. In order to vary 
the contact area ratio, it is necessary to vary die number and the diameter of the protrusions, 
The diameter of the protrusions in the present embodiment is 5 mm, and the width of the 
seal ring is 4 mm. The number of the protrusions is converted from the contact area ratio. 
The protrusions are distributed upon the surface of the electrostatic chuck in the 
20 substantially equal position with regards to each other. 



The present embodiment shows that large hcating/cooling effect on the insulative 
substrate 10 can be obtained by enclosing the Wgh gas pressure of 6664 Pa (50 Torr) in the 
gas enclosure portion 9. However, in order to enclose such high gas pressure, it is 
necessary that the electrostatic chuck generate a large attracting force. For example, in 
order to enclose the gas pressure of 1333 Pa (10 Torr) in a case where the contact area ratio 
is 20 %, theoretically, the attracting force of at least 13 g^cm^ is required. Therefore, the 
electrosutic chuck having a very large aitracUng force is required. As a material for an 
insulating layer of the electrostatic chuck is used ccratiiic sintered body comprised of 
mainly alumina, and chromium oxide (CrzOJ, titanium oxide (TiOj), and a sinter assisting 
material added thereto in an appropriate amount. The attracting force in this material is 
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about 300 g/Scm^ under application of 10 KV, which is the same as lA - IC mentioned 
above, and the tensile strength in the vertical direction can be assumed to be 300 g/cml 
Even if the contact area ratio is 20%, it can be ensured that the attracting force is equal to 
or greater than 60 g/cml Therefore, it is possible to sufficiently attract the insulative 
substrate. 

A low alkaline -glass is used as the insulative substrate 10 in the present 
embodiment; however, the electrostatic chuck according to the present invention can in 
general also be applied to other electrical insulative substrates and/or films. 

With the provision of a healer within the insulative support base plate of the 
heating/cooling apparatus for an insulative substrate, and an optical theimomeier, a 
thcnnocoupb, or another noacontact thermometer as a means for measuring the 
temperature on the material to be attracted, the signal outputted from the measurement 
apparatus is compared with a predetermined value, and thereby the temperature of the 
material to be attracted can easily be controlled. In a case where the temperature of the 
insulative substrate cannot directly be measured, it is possible to maintain the temperature 
of the insulative substrate based on a data base in which the gas pressure, the applied 
voltage, the ratio of the solid-body contact area, the supplied thennai energy, the flow rate 
of the medium, the temperature of the medium, or the like are compiled in advance and 
linked together. 

With the provision of the heating/cooling apparatus for an insulative substrate 
according to the present embodiment withiu a reaction chamber, it is possible to easily 
conlrol the temperature in a semiconductor manufecturing process, in parUcular, in a 
plasma CVD for an SOS or SOI, a plasma etching, a sputtering, or the like. 

As is fuUy explained in the above, according to the present invention, since a 
material to be processed can be attracted with the electrostatic chuck even if it is an 
insulative material, it is possible to easily heat/cool the insulative substrate with the 
heating/cooling apparatus in which the electrostatic chuck is installed, and thereby it is 
possible to control the temperature of the insulative substrate at a predetermined value. 



What is claimed is: <CIatm5 including amendment under Article 34> 

1. (amended) An electrostatic chuck for attracting an insulative substrate, used 
under a vacuum atmosphere, comprising: 

a dielectric layer having a first surface which is made an attracting surface for 
attracting an insulative substrate, and a second surface on which are provided a plurality of 
electrodes; 

an insulative support base plate for fixing said dielectric layer thereon; 

a plurality of electrically conductive terminals which arc provided on said 
insulative support base plate; and 

a means for electrically connecting said electrodes which arc provided on said 
dielectric layer and said electrically conductive terminals. 

2, An elecuostalic chuck according to claim 1, wherem the resistivity of said 
dielectric layer is less than or equal to lO" Qcm at room temperature. 

3, An electrostatic chuck according to claim 1 or 2, wherein the thidkness of said 
dielectric layer is less than or equal to 2 mm. 

4< An electrostatic chuck according to any one of claims 1-3, wherein said 
dielectric layer is comprised of ceramic obtained by adding chromium oxide an4/or 
titanium oxide to alumina as a main raw material and firing. 

5. An electrostatic chuck according to any one of claims 1-4, wherein the 
attracting surface of said dielectric layer has grooves, protrusions and an outer peripheral 
seal ring. 

6. An electrostatic chuck according to any one of claims 1 • 5, wherein said 
plurality of electrodes which are provided on the second surface of said dielectric layer 
fonn a pair, the width of each electrode is less than or equal to 4 mm, the distance between 
the electrodes is less than or equal to 2 mm, and each electrode is intricate in a comb-tooth 
shape. 



7. An electrostatic chuck according lo any one of claims 1 . 5, wherein said 
plurality of electrodes which are provided on the second surface of said dielectric layer 
form a plurality of pairs, the width of each electrode is less than or equal to 4 mm. the 
distance between the electrodes is respectively Jess than or equal to 2 mm. and each 
electrode is intricate in a comb-tooth shape. 

8. An clcctrostaac chuck according to any one of claims 1 - 7, wherein said 
insulative support base plate is comprised of a material having a larger resistivity than that 
of said dielectric layer, 

9. An electrostatic chuck according to any one of claims 1 - 8, wherein said 
electrically conductive terminals are fonned through any one of hard solder, soft solder, 
and a oondTictive adhesive. 

10. An electrostatic chuck according to any one of claims 1 - 9, wherein said 
means for electrically connecting is any one of a conductive wire, a conductive rod, and 
filling of conductive resin or solder. 

11. (amended) A method for electrostaUcally attracting and processing an 
insulative substrate, comprising the steps of; 

providing a dielectric layer having a first surfece which is made an attracting 
surface for atlracUng an insulative substrate, and a second suifece on which are provided a 
plurality of electrodes; 

providing an insulative support base plate for fixing said dielectric layer thereon; 

providmg a plurality of electrically conductive terminals which are provided on 
said insulative support base plate; 

providing a means for electrically connecting said electrodes which are provided 
on said dielectric layer and said electrically conductive terminals respectively; 

providing a high voltage source; 



providing a means for electrically connecting said high voltage source and said 
electrically conductive terminals; and thereby 



electrostatically attracting the insulative substrate positioned on said attracting 
surface luidex a vacuum atmosphere, 

12. (canceled) 

13. (amended) A method for electrostatically attracting and processing an 
insulative substrate according to claim 11, wherein the insulative substrate is 
electrostatically attracted and gas for heating/cooling of the substrate is enclosed within a 
space defined between the substrate and the attracting surface of the dielectric layer, 

14. An apparatus 'for heating/cooling and processing an insulative substrate, 
comprisuig: 

an electrostatic chuck according to any one of claims 1-10; 

a plate for supporting said electrostatic chuck, in which is formed a flow passage 
for a medium; and 

a means for bonding said electrostatic chudc and said plate. 

15. An apparatus for heating/cooling and processing an insulative substrate, 
coxopiising: ^ 

an electrostatic chuck according to any one of claims 1-10; 

a plate for supporting said electrostatic diudc, in which is fbimed a flow passage 
for a medium; 

a means for bondipg said electrostatic chuck and said plate; and 

a gas supply conduit penetrating the dielectric layer, the insulative siqjport base 
plate and the piate; 

a pressure gauge for measuring th& gas pressure; 

a pressure control valve having a function of opening/closing a valve so as to 
control the pressure at a predetermined value by inputting an electric signal outputted by 
the pressure gauge; and 



an apparatus for measuring the temperature of the insuktive substrate or a data 
base in which the relationship between the temperature of the insuiativc substrate and the 
gas pressure is recorded, 

wherein ihc temperature of the insulative substrate can be adjusted to the 
predetermined value under a vacuum atmosphere, * 

16. (amended) An electrostatic chuck according to any one of claims 1 • 10, 
wherein the insulative substrate is comprised of glass. 

17. (added) An apparatus for hcating/cooliog and processing an insulative 
substrate according to claim 14 or 15, whereb the insulative substrate Is comprised of 
glass. 

-18. (added) A method for electrostatically attracting and processing an insulative 
substrate according to claim 11, wherein the electrosUticany attracting force is equal to or 
greater than 30g/'cm^ 

19. (added) A method for electrostatically attracting and processing an insuiativc 
substrate according to claim 11, wherein the electrostatically attracting force is equal to or 
greater than 300g^an^. 

20. (added) An apparatus for electrostatically attracting an insulative substrate, 
comprising: 

a dielectric layer having a fiist surface whtdi is made an attracting sur&ce for 
attracting an insuiativc substrate, and a second surfece on v»^ch are provided a plurality 
of electrodes; 

an insulative support base plate for fixing said dielectric layer thereon; 

a plurality of electrically conductive tennmals which are provided on said 
insulative support base plate; 

a means for electrically connecting said electrodes which arc provided on said 
dielectric layer and said electrically conductive terminals respectively; 
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a high voltage source; and 

a means for electrically connecting said high voltage source and said eJectrically 
conductive terminals, 

wherein the insulative substrate positioned on said attra<^ing surface is 
5 electrostatically attracted under a vacuum atmosphere. 

21. (added) An apparatus for electrostatically attracting an insolative substrate 
according to claim 20. wherein the insulative substrate is electrostatically attracted and gas 
for heating/'cooling of the* substrate is enclosed within a space defined between the 
substrate and the attracting surface of the dielectric layer, 

22. (added) An apparatus for electrostatically attracting an insulative substrate 
according to claim 20, wherein the electrostatically attracting force is equal to or greater 
than 30g/cm\ 

23. (added) An apparatus for electrostatically attracting an inswlative substrate 
according to claim 20, wherein the electrostatically attracting force is equal to or greater 

15 than 300g/^cml 

24. (added) A method for electrostatically attracting and processing according to 
any one of claims 11, 13, 18 and 19, wherein the insulative substrate is comprised of glass. 

25. (added) An apparatus for electrostaticaUy attracting an insulative substrate 
according to any one of claims 20 - 23. wherein the insulative substrate is comprised of 

20 glass. 
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ABSTRACT OF DISCXOSURE 



According to the present invention, there is provided an electrqstatic chuck for 
e{ectrostaticaIly attracting an insulative substrate, an apparatus for healing/cooling an 
insulative substrate using the eleclfostatic chuck, and a method for controlling the 
5 temperature of an iosulative substrate, The shape and the properties of the dieiectric, and 
the shape of the electrodes, ^ which form the electrostatic chuck, are disclosed Also the 
apparatus for heating/cooling an insulative substrate comprisitig a plate, a gas supply 
conduit and a temperature controlling system, and the apparatus for processing an 
insulative substrate in which the apparatus for heating/cooling an insulative substrate is 
10 installed are disclosed. 



